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Key messages
The "4 per 1000" initiative is an international strategy which was launched by the French
Government in December 2015 at the 21st Conference of the Parties (COP21) to the United
Nations Framework Convention on Climate Change (UNFCCC).
The objective of the "4 per 1000" initiative is to encourage voluntary stakeholders from both
the public and private sectors, including NGOs, to transition towards resilient productive
agricultural systems. The initiative seeks to demonstrate how agriculture can play a crucial
role in mitigating climate change. It does this by emphasizing how small increases in soil
organic carbon (SOC) – in agricultural soils, notably grasslands and pastures, and forest soils can not only improve soil fertility and agricultural production but also how it can contribute
towards limiting the temperature increase to the +2°C threshold.
Notably, through the encouragement of agro-ecological practices (e.g. no-till, composting,
rotations) the quantity of organic matter in soils may be enhanced. Beyond mitigating
climate change, the enhancement of soil carbon also brings other benefits to society such as
increased agriculture productivity or enhanced water retention capacity in the soil. Indeed,
SOC is a key indicator of soil condition in terms of nutrient status and availability, soil
physical properties and water holding capacity (Doso S., 2014).
In this assignment and the accompanying spreadsheet, we have calculated nation specific1
and global benefits of adopting the 4 per 1000 strategy, over the 2020-2050 time horizon,
assuming that the sustainable management of soils begins in 2020.
We depart from current stocks of soil carbon to estimate the future levels of soil carbon
associated with an increase in carbon uptake of 0.4% per year. We account for changes in
both top and sub soils, as it allows for a better comparison of results with the existing
literature.
Following the adoption of the 4 per 1000 strategy, an additional 700 Million tons of carbon
per year can be taken up on farmland cultivated with crops. Carbon uptake on grasslands is
estimated to be in the order of 325 Mt per year.
Combined, the Soil Organic Carbon sequestration potential of agricultural farm and
grasslands is in the order of 1 Gt per year, over the coming 30 years. Similar findings are
found in the literature (e.g. Smith, 2016) demonstrating that although the theoretical global
potential for carbon uptake is large (6 Gt following Chabbi et al, 2017), the practical potential
is smaller given that not all soils are managed.
With 2017 carbon emission being in the order of 10 Gt, our results imply that the 4 per 1000
strategy can offset 10 % of global anthropogenic emissions per year (assuming no growth in
emissions relative to today). A similar finding is found in Sommer and Bossio (2014).

1

The number of countries assessed varies due to data availability. For example, for climate change mitigation
benefits, 176 countries are evaluated. For water savings only 103 countries because not all are reporting on
water withdraws. For crop yields, it depends if the country produces a certain type of crop or not.
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Soil carbon uptake is projected to decrease with time. Therefore, while a global effort to
sequester carbon will lead to a steady rise in annual soil organic carbon sequestration, soil in
any particular location is unable soak up infinite amounts of carbon.
Nevertheless, the climate change mitigation potential of sustainable farming, and the
removal of carbon from the atmosphere, provides significant benefits to the global
population, in terms of avoided social damage costs.
The social cost of carbon (SCC) measures the economic cost (e.g. the increase incidence of
extreme weather events and human health) associated with an additional tonne of carbon
dioxide that is emitted into the atmosphere. The avoided SCC implied by the mitigation
potential the “4 per 1000” strategy over the 2020-2050 time horizon, is in the order USD 600
billion/year in present value terms. In comparison, natural disasters in 2017 have been
estimated to generate overall economic losses in the order of USD 340 billion (97% of which
climate-related). This amount does not reflect all climate-related damages.
The higher amount of organic carbon in soils, thanks to the implementation of the 4 per
1000 strategy will also lead to an increase in soil fertility, which would allow for higher
agricultural productivity. For example, assuming that the harvested area of rice is kept
constant in Bangladesh, yields are estimated to increase by about 43% between 2020 and
2050. This equates to about 1.3 million tons of rice per year, equivalent to approximately
2.5% of the Bangladesh’s annual rice production.
Globally speaking, maize, wheat and rice yields are expected to rise by a respective 23.4%,
22.9% and 41.9% due to a 4 per 1000 strategy. The annual economic benefits of this
productivity increases is estimated to be USD 135.2 billion/year between 2020 and 2050. In
perspective, the global value of the three crops in 2017 was of USD 474.8 billion. The value
of increased crop productivity is equivalent to 0.15% of the Gross World Product estimated
to USD 85 trillion in 2018. Some regions, such as Africa stand to see the greatest productivity
improvements.
This is a noteworthy result in the light of the most recent ‘State of Food Security and
Nutrition in the World 2019’ report by the FAO. More than 820 million people in the world
are still hungry today, and 2 billion are considered food insecure. Hunger is rising in almost
all sub-regions of Africa and, to a lesser extent, in Latin America and Western Asia. The
adoption of sustainable land management practices and the 4 per 1000 strategy can
contribute to the immense challenge of achieving the Zero Hunger target by 2030.
Lastly, an increase in soil carbon will also impact hydrological cycles. We show that
increasing soil carbon by 0.4% per year can improve the capacity of soils to store an
additional 37 billion m3 of water. At the same time, irrigation demands are projected to
increase by 11% by 2050. Any increase in water storage capacity of soil, will therefore help
offset the need for expanding the projected irrigation requirements. In particular, the
adoption of the 0.4 strategy will enable a reduction in irrigation water needs from 907 Billion
m3 to 870 m3 (4%), keeping everything else constant, thus allowing to lower projected
expansion in irrigation needs.
Using the average global water tariff of USD 2/m3 (which is used to finance water
infrastructure), the global cost savings associated with improving soil water content is in the
order of USD 44 billion per annum.
iv

These results are of global significance. Climate change and increasing climate variability and
extremes are affecting agricultural productivity, food production and natural resources, with
impacts on food systems and rural livelihoods, including a decline in the number of farmers.
Moreover, in view of the growing competition in the agricultural sector and high production
costs, the ability to improve soil fertility and lower reliance on input costs such as fertilizers,
will become an important determinant of the viability rural farming.
If soils are managed as carbon sinks, then Soil Organic Carbon (SOC) will increase only over a
limited time, up to the point when a new SOC equilibrium is reached. But irrespectively of
any potential additional sequestration of SOC, our results illustrate the importance of
increasing SOC for sustaining soil health, agro-ecosystem functioning and improving both
food and water security for present and future generation.
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1. Background
The "4 per 1000" initiative has the goal of increasing Soil Organic Carbon (SOC) annually by
0.4% of its current stock within the first 30-40 cm of soil, through the implementation of
economically viable and environmentally sound agronomic practices. Such practices, which
have demonstrated to improve carbon stocks, include low/no-till, composting, cover crops,
FMNR, and more. If implemented across all soils globally speaking (peatland, pastures,
forestland, cropland, etc.) it would amount to a net CO2 removal of 6 Gt C/year from the
atmosphere, which would offset two-thirds of the annual anthropogenic CO2 emissions
(Chabbi et al, 2017).
SOC is a key indicator of soil condition in terms of nutrient status and availability, soil
physical properties and water holding capacity (Doso S., 2014). Consequently, increased SOC
stocks have a number of co-benefits such as enhancing soil productivity, increasing yields,
reducing erosion, increasing water retention, lowering fertilizer requirements, and
enhancing crop resilience to climate variability (Banwart et al, 2014). All of the
aforementioned biophysical benefits have tangible impacts on human wellbeing.
Furthermore, these benefits can be monetized in terms of avoided damage costs from CO2
emissions or improved crop yields and lower monetary losses due to drop failure. To date
neither the biophysical impacts nor the economic benefits have not been assessed at a
global scale, this document describes the data and methods used to estimate benefits from
improved carbon sequestration and agricultural productivity - within a time-horizon of 2020
to 2050 - of a 4 per 1000 strategy in cultivated croplands and grasslands2.
The structure of this methodological note is as follows: Section 2 lists and details the data
sets used for the purposes of the quantitative work. Section 3, and sub-sections within,
details the methods employed and assumption made for estimating the benefits biophysical
and economic benefits of the global implementation of a 4 per 1000 strategy. Section 4
describes the main results derived from the methods in section 3 and finally section 5
summarizes the main findings of this work.

2. Data
2.1 Data sources
The analysis is based on a set of publicly available core data sets (see TABLE 1) at the global
level from which the country-specific analysis derives. Overall the data sets employed in this
analysis fall into 3 categories, spatial, economic and agronomic processes.
The main spatial data sets used are: 1) estimates of soil organic carbon in the soil, 2) soil
bulk density, 3) the spatial location of cultivated and grasslands; and 4) the spatial location of
yields for the major agricultural commodities.

2

The value of increases in agricultural productivity is estimated with respect to croplands only, whilst the
benefits from enhanced carbon sequestration applies to both grasslands and croplands.

1

Regarding the agronomic processes, the data used includes meta-analysis of yield response
for maize (Oldfield et al, 2018) and time-dependent rate of soil carbon uptake in soils
following (Minasny et al, 2017). Economic data is used to derive the monetary benefits of a 4
per 1000 strategy, in terms of improved productivity of agricultural cropland and avoided
costs of the damages associated with increased carbon sequestration. The economic data
includes the prices of major agricultural commodities in the year 2018 and the literature
estimates (Nordhaus, 2017) of the social costs of carbon under different discount rates.
Table 1 - Overview of the spatial data sets, process-informing literature and economic data
employed in the “4 per 1000” analysis

Data type

Description

Reference

Spatial
resolution

Spatial

Carbon content in the top soil (0 to 30 cm)
and sub soil (30 to 100 cm)
% of carbon in the top soil (0 to 30 cm)
Gridded yields of maize
Gridded yields of wheat
Gridded yields of rice
Cultivated land map
Grassland map

Wieder et al 2014
Wieder et al 2014
(http://gaez.fao.org )
(http://gaez.fao.org )
(http://gaez.fao.org )
Tuanmu et al 2014
Tuanmu et al 2014

5x5km
5x5km
8x8km
8x8km
8x8km
5x5km
5x5km

Agronomic
Processes

Global meta-analysis of yield to SOC
Sequestration rate of SOC in time
Relation of water content with SOC

Oldfield et al 2018
Minasny et al 2017
Rawls et al 2003

-

Economic

Annual agriculture commodity prices
Social Costs of Carbon estimates
Irrigation withdraws

World Bank3
Nordhaus 2017
AQUASTAT4, GWI
2018

-

Spatial data was available at different resolutions (see Table 1) and therefore a substantial
part of the work dealt with harmonizing all the datasets to a common resolution via
resampling. We opted to convert all datasets to the resolution of the data providing
information on organic carbon content, 5x5km5, as shown in Figure 1.

2.2 Current soil carbon content
Given that the largest potential for carbon uptake is on managed soils (Chabbi et al, 2017),
we restrict our analysis to cultivated land and grassland the extent of which is taken from
Tuanmu et al (2014), see Figure 1. The extent of cultivated and grassland ranges from zero
(no cultivated land) to 1 (fully cultivated land) per spatial cell of 5x5km (see results in Figure
2). A value of 0.5, for example, means that half of the pixel is cultivated of any crop or
covered by grassland.

3

http://www.worldbank.org/en/research/commodity-markets
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
5
The resultion for this dataset varies from across latitudes. E.g. from 5 by 5 km at the equator to 3 by 3 km in
higher latitudes like Norway.
4

2

Figure 1 shows the carbon content in the top-soil as proved by Wieder et al (2014) in kg
C/m2, adapted by the author.

Figure 2 – Location of cultivated land as in Tuanmu et al (2014), adapted by the author.

2.3 Agricultural yields
Spatially explicit yield estimates (in kg/ha) for all crops of maize, wheat and rice, were
obtained from FAO (see Table 1 above) for the year of 2000. These estimates were adjusted
in resolution and matched to the study area of interest (cultivated land, see Figure 2). Figure
3 shows the maize yield for the year of 2000. In order to account for changes in yields, we
make use of country-level yield estimates for the year 2017 from FAOSTAT6 and update the
spatially explicit year 2000 yield map with these figures. It is thus assumed that relative
productivity differentials between any two countries in the year of 2017 are the same as in
year 2000. Spatially explicit estimates allow us to match soil organic carbon and crops yields.

6

http://www.fao.org/faostat
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Figure 3 - Map of maize yields for the year 2000, derived from FAO

3. Methodology
3.1 Assessing current and future carbon stock
3.1.1 Current carbon stock
Current carbon stocks in the soil of cultivated lands as well as grasslands have been
extracted for 174 countries. This was done by overlaying the soil carbon content in the
topsoil as well as for the subsoil (from Wieder et al, 2014) using both the location of
cultivated land and grasslands. See in Figure 4, top left map, the results obtained for the
USA. The figure illustrates the example of the analysis conducted for carbon in the topsoil
but the same analysis was also undertaken for the case of carbon in the subsoil.
Figure 4 - Intermediate steps and data generated during the simulation of a “4 per 1000”
strategy in cultivated land (similar set of maps is done for the case of grasslands).

4

3.1.2 The time horizon for carbon uptake
Numerous studies have estimated the rates of carbon sequestration uptake under
sustainable land management practices (shown in Table 2 below). The time frame for these
studies range between 10 and 40 years. We have therefore calculated the benefits of
adopting the 4 per 1000 target, for 30 years. We furthermore assume that the sustainable
management of land, start as of year 2020.
Table 2 – A review of the case studies that apply sustainable land management practices in
arable land and the respective potential soil carbon uptake

Country

Depth
(cm)

Rate of carbon
uptake
kg C/m2/yr

Citation

Organic amendment
Organic amendment

China
China

20
20

0.06
0.054

Wang et al. (2010)
Jin et al. (2008)

Organic amendment
Compost addition

China
Korea

20
30

0.062
0.024

Jin et al. (2008)
Lee et al. (2013)

Korea
Belgium

30
25

0.039
0.045

Nigeria
Indonesia

30
15

0.02
0.052

Lee et al. (2013)
Buysse et al.
(2013)
FAO (2004)

Taiwan
Taiwan

15
15

0.06
0.072

India
Australia

15
10

0.033
0.0147

Pathak et al.
(2011)
Lam
et al. (2013)

France
UK

30
15

0.02
0.031

USA
USA

30
20

0.04
0.045

Arrouays et al.
(2002) et al.
Powlson
(2012)
Johnson et al.

Canada
Australia

30
15

0.03
0.034

France
France

25
30

0.01
0.016

USA

30

0.05

Management

Compost addition with organic fertilizer
Farm yard manure
Farm yard manure/crop residue
Inorganic fertilizer with straw return
Compost with inorganic fertilizer
Compost addition
Inorganic fertilizer and farm yard manure
Stubble retention
No till
No till
No till
No till plus cover crops
Reduced use of summer fallow
Reduced tillage
Conservation tillage
Crop rotation
Conversion of annual cropping to crop with
ley rotation
Range

Minasny et al.
(2012)
Wei
et al. (2015)
Wei et al. (2015)

(2005)
Franzluebbers
(2010)
VandenBygaart et
al.
(2008) et al.
Sanderman
(2010)
Metay et al.
(2009)
Arrouays et al.
(2002)
Dick et al. (1998)

0.015 – 0.07

3.1.3 Estimating future carbon stock, by 2050
With an established time horizon of 30 years, we used current stocks of carbon at the
country level to estimate the future levels of soil carbon resulting from a strategy in which
the carbon in the soil increases by 0.4% each year. This is done by multiplying the current
carbon stocks (see Figure 4 left map) by 0.004 in order to obtain the absolute annual target
for the increase in carbon in topsoil and subsoil by location and country.
5

The yearly target “Target carbon increase per annum per country = Current carbon stock per
country x 0.004” (Figure 4 bottom map) is the amount of soil carbon uptake that individual
countries should strive to achieve through Sustainable Land Management practices, such as
those reported in the case study literature review found in Table 2.
For the USA, we estimate the yearly target carbon uptake of a 4 per mil strategy to be
between 0.005 kg C/m2/year to over 0.015 kg C/m2/year, depending on the intensity of
agricultural management and therefore the location. The spatially explicit yearly targets are
illustrated in Figure 4, bottom map. The Figures represented in this map are then multiplied
by 30 (representing 30 years of management from 2020 to 2050), and added to the current
carbon stock so as to derive total carbon stock by 2050. This result in a set of spatially
explicit data of total carbon stock for the year 2050, see right map of Figure 4. The spatial
explicit values of the new carbon stock by 2050 are aggregated in order to derive the total
estimate of carbon stock for a given country given in Gigatons of Carbon (Gt of C).
To ensure a manageable model, we have assumed that there are no changes in land cover
(e.g. conversion of grasslands to cropland, or forest to cropland, etc.), which can affect
carbon stock during this time frame.

3.1.4 Rates of carbon uptake in time
In step 3.1.3 we estimated the additional carbon amount in the year 2050 from a linear
yearly increase associated with a 4 per 1000 initiative. It is important to note here, that the
uptake of carbon in the topsoil is not a linear process in time. Minasny et al (2017) show that
over the first 5 years the uptake of carbon from sustainable management practices can
reach up to 20 per mil (see Figure 5), declining fast to half of that in the following 10 years
and reaching low values from 40 years and beyond. We assume that the same relationship of
carbon uptake in time is also valid for the subsoil.
Figure 5 – Reported per mil sequestration rate as a function of number of years since
management practices been implemented as in Minasny et al (2017)
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Timing is particularly important when it comes to addressing climate change and the wider
benefits of a 4 per 1000 strategy, in terms of the avoided Social Costs of Carbon7 (SCC). The
earlier the 4 per 1000 strategy is implemented the lower the total damage costs from
climate change. Accordingly, we follow the function proposed in Minasny et al (2017) to
distribute in time the total amount of carbon that is sequestered (determined in step 3.1.3).
We do this between 2020 and 2050 in 5-year intervals, in cultivated land and grasslands.

3.2 Estimating the avoided social costs of carbon

The social cost of carbon (SCC) represents the economic cost caused by an additional ton of
carbon dioxide emissions or its equivalent emitted today. As such, it represents an
appropriate measure8 of the societal benefits associated with improving the climate change
mitigation potential of soils. This is owing to the enhanced carbon sequestration, which
would result in reduced damage costs globally.
With an optimized climate policy, the SCC will equal the carbon price; this in turn is equal to
the marginal cost of reducing emissions with one ton of CO2. In the more realistic case,
reflecting today’s non-optimal climate policies, the SCC measures the marginal damage of
emissions along the actual emission path (Nordhaus, 2014).
Integrated assessment models, such as DICE model (Dynamic Integrated model of Climate
and the Economy) are used by scholars and governments for estimating the Social Cost of
Carbon. DICE integrates findings from physics, chemistry, and economics to model the link
between economic activity and carbon emissions, which further lead to higher atmospheric
carbon concentration and higher global average temperatures (Nordhaus, 2017).
Damages costs from an additional unit of carbon emissions include impacts from rising sea
levels, droughts, storms and tropical cyclones, human health, electricity demand rise,
reduced labour supply, decreased agricultural productivity and consequent slowdown in
global economic growth (world GDP). For example, according to Hsian et al. (2017), the
combined value of market and non-market damages – in farming, labour productivity, crime
rates, coastal storms, energy consumption and human mortality - increases four fold in
global mean temperature, costing roughly 1.2% of US gross domestic product per +1°C on
average.

3.2.1 Social costs of carbon, estimates from literature
In 2013, the US Environmental Protection Agency set the federal social cost of carbon to USD
37 per ton of carbon dioxide (up from the previous estimate of USD 22) (Tollefson, 2017).
See Figure 6 left panel. This was a conservative estimate – in recent years, research has
shown that this value is close to USD 200 by 2050 (Nordhaus, 2017) for the same discount
rate (e.g., 2.5%) because it has shown that global warming – aside from increasing damages
7

Social cost of carbon is a measure of the economic harm from those impacts, expressed as the dollar value of
the total damages from emitting one ton of carbon dioxide into the atmosphere.
8
Unlike market prices for carbon, which exist under both compliance schemes and voluntary programs. The
carbon price in the voluntary market is a mere reflection of the demand and supply of carbon credit. Trading
volumes and therefore prices in the voluntary market are generally low because demand is created only by
voluntary buyers (corporations, institutions and individuals) to buy offset. The carbon price is therefore not a
reflection of the actual social benefit of taking carbon out of the atmosphere. This is also the case for
compliance schemes, such as the EU Emission Trading Scheme, the Western Climate Initiative) as prices and
greenhouse gas allowances tend to reflect changing political priorities and conditions.

7

from sea-level rise, pest outbreaks, heatwaves etc. - also slows economic growth, see Figure
6 right panel.
Figure 6 – Estimates of the social costs of carbon in the US and as reviewed in Nordhaus
2017.

The SCC increases over time because future emissions are expected to produce larger
incremental damages as physical and economic systems become more stressed in response
to more pronounced climatic change (Anthoff et al., 2009). As a result, early action, e.g. in
terms of aggressive climate policies and sustainable farming, results in significantly lower
social damage costs, relative to late action.
In order to be able to assess the avoided social costs of carbon entailed in the 4 per 1000
strategy, the resulting time series of carbon uptake (in Mt of C) outlined in section 3.1.4 is
converted to tonnes of CO2 and multiplied by the SCC trajectory already discounted at 2.5%
following Nordhaus (2017). The final result is a country-specific time series of avoided social
costs of carbon.

3.4 Estimating yield gains from soil carbon increase
3.4.1 Yield response to soil carbon
In order to quantify the response of agricultural yields to increase in soil carbon content, we
make use of the main finding in Oldfield et al (2018). Oldfield et al (2018) uses a metaanalysis of 90 peer-reviewed articles, from which a total of 840 individual observations of
soil carbon and associated maize yield are extracted to demonstrate that crop yields of
maize increase with % of soil carbon following a quadratic relation that levels off at about 2%
of SOC (see Figure 7). The observations cover 29 different countries across all continents. For
countries like China and India, over 100 observations are available, for Belgium and Nepal
less than 10. The data covers low, middle and high income countries such as the case of
Zimbabwe, Brazil and USA; and also remarkably different bioclimatic regions such as the case
of Kazakhstan, Ghana and Canada.

8

Figure 7- Relationship between SOC and yield of maize for published studies in Oldfield et
al 2018.

Oldfield et al. (2018) restricted the analysis to the case of maize crops and made use of a
wide number of case studies (each a point in Figure 7). For the purposes of this analysis we
correlate our global datasets on % of carbon content in the top soil (0 to 30 cm) from Wieder
et al, (2014) and Gridded yields of maize from (FAO9) by assuming a quadratic relation
between the two as suggested in Oldfied (2018).
We assume that the same functional form, that is a quadratic (inverted U), is also a valid
representation of the correlation between the % soil carbon and the yields of rice and
wheat. Although we assume the existence of a quadratic relation with % of soil carbon, we
do not impose any restriction to how “concave” the relation is. With this we mean the
following: from the Oldfield et al. (2018) study we take the assumption that the response of
maize, wheat and rice is of the form ax2 + bx + c. Where a, b are coefficients informing on
the two interception values of the function with the x axis, and c the intercept of the
function with the y-axis. The closer the coefficient a and b are, the stronger the curvature of
the function. For example, a=1 and b=2 implies that the quadratic function intercepts the x
axis at x=1 and x=2, which implies a strong curvature. If on the other hand a=1 and b=6, then
the curvature of the function is much smoother. While preforming the fit, we do not impose
any constraints about the ranges of a, b or c. We fit the quadratic function to the data of %
of soil carbon and yields several times until the highest degree of significance of the three
coefficients is reached.
Figure 7 shows the results of the quadratic fit between % of soil carbon and yields of maize
(left) and wheat (right) using the previously mentioned spatially explicit data of soil carbon
9

http://gaez.fao.org
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and crop yields in Table 1. The summary of the fit results for the three crops analysed is
shown in Table 3. Broadly, we were able to reproduce the findings in Oldfield et al. (2018)
for maize (Figure 8 left) that is, maize yields increase with % of soil carbon until roughly 2%
and are kept rather constant thereafter. For the case of wheat, the relationship is more
linear and only levels-off for high levels of % of soil carbon. All coefficient estimates for the
fits done in each crop are highly significant at p-value < 0.001.
Figure 8 – Derived relationship between % of soil carbon and yield of maize and wheat.

Nevertheless, it is observed that the data exhibits a large dispersion around the fitted line.
This is also a feature found in Oldfield et al (2018). This is because there are other
(unobservable) factors affecting yields, such as use of fertilizer inputs, irrigation patterns,
plant varieties, soil conditions (beyond the carbon content) etc. It is not possible to fully
control for all these factors and therefore the global fit and response of crop yields to
changes in soil carbon is better interpreted as the average expected response of yields to
an increasing percentage of soil carbon. Each country will have different margins for
improvements in agricultural productivity, for the various crops, pending on how much
carbon there is in the soil at the outset.
Table 3 – Summary of coefficients and significant values of the fits between % of soil
carbon and yields of wheat, maize and rice.
Crop

Wheat

Maize

Rice

Model
coefficients
c
a
b
c
a
b
c
a
b

Estimate

P-value

3.30054
1.68756
-0.11854
3.4038
6.4328
-1.4305
3.88135
1.83734
-0.28611

2e-16
1.22E-13
3.25E-07
< 2e-16
< 2e-16
2.33E-10
< 2e-16
3.36E-16
3.45E-12
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3.4.2 Agricultural production gains
The previous section detailed the average global relation between crop yields of maize,
wheat and rice and the % of soil carbon. We make use of this global relation to estimate, on
a per country basis, the additional production of maize, wheat and rice that is expected from
the yearly incorporation of carbon in the topsoil of cultivated land.
For each country, we use the average % carbon stock in cultivated land determined which is
discussed in section 3.1.1 with the current (2017) yields of maize, wheat and rice sourced
from the FAO (see table 1). This gives us the initial point of the simulation, or in other words,
the location of a country in the carbon-yield relation determined in section 3.4.1 (see also
Figure 8 and Table 3). We assume that there is no preferential crop (maize, wheat or rice,)
for the sustainable land management practices. Accordingly the percentage increase in %
soil carbon in cropland is the same for maize, wheat and rice and proportional to the future
increases in carbon until 2050 as implied by section 3.1.3.
The country-specific trajectories of soil carbon increase are then used to determine the
corresponding trajectory of yield change as implied by the fit described in section 3.4.1.
The total production of wheat, maize and rice in each country production are obtained
multiplying the new yields between 2020 and 2050 with the cultivated area of the respective
crop in the year 2017 as given in FAOSTAT. It is assumed that the cultivated area remains
constant throughout 2020 and 2050. It is also assumed that all management practices, e.g.,
the development of new plant varieties, fertilizers or irrigation extension, remain constant.

3.5 Estimating water savings
Water retention is a major hydrological property of soil that governs soil functioning in
ecosystems. It functions as a buffer against flooding and a major steering factor for plant
growth. Soil water retention depends on the textural components of the soil and the amount
of organic carbon present in the soil. At low levels of soil carbon, an increase in carbon
content leads to an increase in water retention in coarse soils. At high carbon contents, an
increase in carbon content results in an increase in water retention for all soil textures
(Rawls et al, 2003). We make use of Rawls et al. (2003) equations which quantifyies the
effect of the carbon sequestration on soil hydraulic properties. The equation relates to? the
fraction of clay, sand and organic carbon in the soil to derive the potential of water retention,
(see Equation 1 below).
Equation 1 - equation to estimate water retention as in Rawls et al 2003
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Where θ33 is water retention capacity10 in cubic meters (m3/ha) at -33kPa11, and the terms x,
y and z, refer respectively to: the content of carbon, clay and sand in the soil, all in %.
Although the empirical work in Rawls et al. (2003) is based in the soil database for the United
States, its equations have been used in European (Tóth et al 2015), and Australian (Murphy
2015) contexts and are often cited as authoritative work in the soil community (currently
Rawls et al 2003 has over 600 citations12). From Wieder et al. (2014) we extract, for each
country, the average fractions of clay and sand in cultivated soil. These are used as y and z
terms in our equations. The term x (% of soil carbon) derives from the analysis detailed in
3.1.3.
We assume that an improvement in the water retention capacity (following Rawls et al,
2003) will lead to a proportional decrease of the need for irrigating cropland. There are
other associated benefits of improved water retention. After being used by plants, more
water can move downward through the profile and contribute to the water table (the
permanently saturated zone at the base of the profile). This in turn increases water and
nutrient storage, and greater resistance to erosion (Scharlemann et al, 2014).
This is likely to constitute the upper range of the potential savings, given that there are other
factors such as moisture loss from evapotranspiration, which have not been accounted for.
Most soil organic carbon, and therefore also most water, is stored in the topsoil (0-30 com).
But some crops, when they grow, draw water at deeper depths. On the other hand,
irrigation is also associated with water loss, from the moment water is withdrawn to the
moment the water reaches the roots of the plants. It is thus fair to assume that increased
water retention will lead to a proportional decrease in the need for irrigation water.
We compiled the most recent values from irrigation withdraws for 101 countries from the
AQUASAT database13 (see Table 1) and apply a reduction factor proportional to the increases
in water capacity retention due to soil carbon between 2020 and 2050.

3.5.1 The value of water saving for irrigation
Water has many uses, e.g. in recreation, in use for recreational activities, flood control,
potable water supply, or as input for the production of crops. The societal value of water in a
given location, can be determined when these benefits to society are identified (Fisher et al.
2008).
Benefits from enhanced water supply are usually unlocked through investments in
equipment, e.g. hydroelectric power utilities. Water and waste-water tariffs serve to recover
the costs of providing these water services. One can therefore use data on water and
10

Field Capacity is the amount of soil moisture or water content held in the soil after excess water has drained
away and the rate of downward movement has decreased. This usually takes place 2–3 days after rain or
irrigation in pervious soils of uniform structure and texture.
11
By convention, water retention capacity comes expressed as the bulk water content retained in soil θ at −33
kPA (or −0.33 bar) of hydraulic pressure.
12
https://scholar.google.de/scholar?cluster=2851334382720994578&hl=en&as_sdt=2005&sciodt=0,5
13
Countries do not usually report their irrigation water withdraws on a frequent basis. In our case, the numbers
varied between the years 2001 and 2016.
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wastewater tariffs as a proxy of the value of water savings for irrigation. Whilst country and
region specific tariff estimates are available, they are often distorted or affected by taxes
and subsidies for water and infrastructure, energy costs and inflation. As a result, market
prices may or may not be a good reflection of the societal cost of supplying water in a given
location. Moreover, an additional m3 of irrigation water will have different impacts on crop
yields, pending on the climate, the soil and the crop that is irrigated. It is therefore beyond
the scope of this report, to account for these spatial differences in water tariffs and the
value of water as an input into the production of crops.
We therefore use the global average for the combined water and wastewater tariff for 2018
- which was USD 2.04/m3 (GWI 201814) - as a proxy for the value of water saving from
irrigation. From an economic perspective, this is a conservative estimate of the true societal
value of water, as water tariffs rarely reflect scarcity values of water, nor the environmental
externality costs associated with water abstraction.
According to GWI (2018), the average combined water and wastewater tariff rose by 3.8%
between 2017 and 2018, just about keeping pace with global inflation. It can therefore be
assumed, that tariffs will continue to rise over time in pace with inflation. We account for
this by using most recent world estimate of the real interest rate15 of 0.5% for the 2020-2050
time horizon (Del Negro et al., 2018).

3.6 Estimating the monetary benefits of a “4 per 1000” strategy
3.6.1 Avoided Social Costs of Carbon

The avoided social cost of additional carbon emissions, is estimated for each country as the
difference between the carbon sequestered under the 0.4 initiatives and the carbon
sequestered in the baseline, multiplied by the social cost of carbon and summed up across
the 30 year time period16. The Present Value of avoided carbon emissions for each country is
thus calculated as in equation 2.
Equation 2
!"#"

!" !" !"# !"#!"#$%&' =

∆!"! !!.! !"!#!$#!%&!

∗ !""!

!!!"!"

ΔCO2 = Change in the CO2 equivalent content of soil carbon, in tonnes per year t, as a result of “4 per
1000” strategy
SCC = The social cost of carbon following Nordhaus (2017), discounted at 2.5 %
BAU= baseline scenario
“4 per 1000” initiative = 0.4% annual increase in carbon scenario
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th

GWI Global Water Tariff Survey, 2018, as published 26 September 2018
A real interest rate (or real discount rate) is one that has been adjusted for inflation. the real interest rate is the nominal
interest rate minus the expected inflation rate.
16
The Social Cost of Carbon (SCC) estimates the discounted value of the damage associated with climate change impacts
that would be avoided by reducing carbon dioxide (CO2) emissions by one metric ton in a given year (Anthoff et al., 2009).
Damages include decreased agricultural productivity, damage from rising sea levels, and harm to human health. SCC
increases over time because future emissions are expected to produce larger incremental damages as physical and
economic systems become more stressed in response to greater climatic change
15
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3.6.2 Agricultural production benefits
The monetary benefits of the increase in wheat, maize and rice production is calculated by
multiplying the change in crop production (Q) with the internationally competitive global
world price (P), for that crop in the year 2017, taken from the World Bank Commodity Price
Database17. The benefit of enhanced food production for each country is valued as the sum of
value of the additional production, discounted into present value terms, according to equation 3.
Equation 3
!"#"

!"! =
!!!"!"

!!.!% !"!#!$#!%& ! !!"#$%&'$ ! ∗ !
∗ !"#$ !" ℎ!
(1 + !)!

PV = Present Value of enhanced production of maize, rice or wheat in country c
Q = Quantity of rice, wheat or maize produced in ton/ha in year t
r = real interest rate of 0.5 %
Area = Total area under crop and grassland in country C
P = Global international market price for the crop under consideration. Prices are assumed to rise with
inflation.

3.6.3 Avoided irrigation costs
The economic benefit of increasing soil water content is estimated as the total savings in irrigation water from the 2020-2050 time-horizon, valued using the average combined water and
wastewater tariffs from 2018, discounted into present value terms, according to equation 4.
Equation 4
!"#"

!"! =
!!!"!"

!!.!% !"!#!$#!%& ! !!"#$%&'$ ! ∗ !"
∗ !"#$ !" ℎ!
(1 + !)!

PV = Present Value of enhanced production of maize, rice or wheat in country c
W = Water savings in m3/ha in year t
r = real interest rate of 0.5 pct
Area = Total area under crop and grassland in country C
Pw= Average global combined waste and water tariff. Prices are assumed to rise with inflation.
Baseline= baseline scenario
0.4% initiative = 0.4% annual increase in carbon scenario

The annual value of the year-to-year benefits (the annuity value) from carbon sequestration
enhanced crop productivity or water savings, is calculated according to equation 5.
Equation 5

!""#$%&!"#$%&' =

17

! ∗ !"
(1 − (1 + !)!!

http://www.worldbank.org/en/research/commodity-markets
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r = real interest rate of 0.5%, or discount rate of 2.5% in the case of SCC
t = time horizon (30 year)
PV = Present Value of enhanced SOC sequestration, agricultural productivity and
water savings.

4. Results
In the following sections, we present the main results of the biophysical and economic
benefits resulting from adopting the 4 per 1000 strategy, namely: a review of sustainable
management practices and their associated carbon uptake, country-level and global
estimates of the future soil carbon stocks, monetary benefits from the avoided SCC; the
production gains of major agricultural commodities (both in terms of yields, total production
and monetary benefits) and irrigation benefits of improvements in water retention capacity
of soils.

4.1 Management practices and soil carbon uptake
From the meta-analysis of Table 2, one can observe that yearly rates of carbon soil uptake
are higher at depths between 15 and 20 cm (see Figure 9). Within this range practices that
increase soil carbon, include: the addition of inorganic fertilizer, the retaining of straw
residue, addition of compost with inorganic fertilizer, organic amendment, the addition of
farm yard manure, no till and reduce tillage.
Figure 9 – Observed rates of carbon uptake in soil vs soil depth (see also Table 2)

At depths beyond 30 cm the practices of crop rotation and conversion of annual cropping to
crop with pastureland rotation have been identified in addition to the previous ones. The
practices and their measured carbon uptake (see Table 2) are reported mostly for the topsoil layer (typically 0 to 30cm) as this is the depth at which management practices are
thought to be more effective (Minasny, 2017). Below this depth, activities are also
important, but the majority of studies focus on the first 30 cm.
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4.2 Current carbon stocks and uptake
4.2.1 Results at the country-level

Figure 10 shows the results of current carbon stock (2019) in Gt C in the topsoil for the top
20 countries and the additional carbon uptake by following a 4 per 1000 strategy between
2020 and 2050. The values referring to the current of carbon stock in cultivated land are
shown in blue and the additional carbon from the 4 per 1000 strategy, is shown in orange.
Figure 10 – Current carbon stocks in Gt of soil carbon in the top-soil of cultivated lands
(blue), and carbon stocks in 2050 as a result of the “4 per 1000” strategy, keeping
everything else constant. Top 20 countries in the world. Figure: Luis Costa

For Russia, the estimate of soil carbon stock in the topsoil is of about 14.4 Gt in cultivated
land. Stolbovoi (2003) has estimated the carbon stock in the arable land of Russia at 16.8 Gt
C in the upper 30 cm. For USA our estimates of carbon stock in cultivated land is of 8.2 Gt
and 7.2 Gt in grasslands, a total of 15.4 Gt. USEPA (2015) reports for managed croplands and
grasslands a soil C stock estimated at ca. 17.5 Gt. Our estimates are found comparable with
previous estimates in literature at the country level.
Tables 4, 5 and 6 summarize the type of information made available, respectively, for each
country in the companion excel under “carbon stocks” and “carbon series” tabs (see tab
summary for further guidance). Table 4 shows the current carbon stocks in in the topsoil of
both cultivated and grasslands, the yearly carbon uptake target of implementing the “4 per
1000” strategy and the total carbon uptake by the year 2050 for the case of USA. This table
provides the baseline data for Figure 10.
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Table 4 - Current carbon stocks in the topsoil and those under a “4 per 1000” scenario in
USA.
Country

Variable

Unit Value

USA

Current C stock cultivated land

Gt

8.2

USA

Current C stock in pastureland

Gt

7.2

USA

“4 per 1000” yearly target in cultivated land Mt

32.8

USA

“4 per 1000” yearly target in pastureland

Mt

28.7

USA

Total C uptake by 2050 in cultivated land

Gt

1.08

USA

Total C uptake by 2050 in pastureland

Gt

0.94

Table 5 shows the time series of carbon uptakes in cultivated lands and grasslands between
2030 and 2050. It provides a disaggregated temporal view on the dynamics of carbon uptake
in 5 year intervals.
Table 5 - Time series of carbon uptake in the topsoil and those under a “4 per 1000”
scenario in the USA
Country

Variable

Unit

USA

C uptake in cultivated land Mt

49

39

32

26

24

21

21

USA

C uptake in grasslands

43

34

28

23

21

19

19

Mt

2020 2025 2030 2035 2040 2045 2050

The uptake of carbon reported in Table 5 can be expressed in terms of % of soil carbon
content in the soils. This is particularly relevant for the purposes of estimating increases in
agricultural production in section 4.4. Table 6 shows the time series of increase % of soil
carbon in wheat, maize and rice cropland for the USA. Information for each country is in Tab
“% of Soil carbon” in the spreadsheet accompanying this paper.
Table 6 – Series of increase in % of soil carbon following a “4 per 1000” strategy in the USA
Country

Crop

USA

Wheat

USA

Maize

USA

Rice

Variable
Future % soil
carbon
Future % soil
carbon
Future % soil
carbon

2020

2025

2030

2035

2040

2045

2050

0.199

0.235

0.265

0.289

0.311

0.332

0.352

0.215

0.254

0.286

0.312

0.336

0.358

0.379

0.03

0.036

0.04

0.044

0.047

0.05

0.053

4.2.2 Global uptake
Figure 11 shows the potential uptake of soil carbon in croplands and grasslands in the case
where the 4 per 1000 strategy is implemented globally. We account for changes in both top
and sub-soils. We have included estimates of carbon uptake in the subsoil (which follows
exactly the same methodology as detailed in section 3) because it allows for a better
comparison of our results with existing literature. We estimate that an additional 700 Mt of
carbon per year can be up taken by cultivated land, following the adoption of the 4 per
17

1000 strategy. In grasslands we estimated carbon uptake to be of about 325 Mt/year (circa
1Gt combined). According to Smith (2016), a realistic global potential of managed soils to
uptake carbon is placed at ~1 Gt of C in the 0 to 100 cm soil profile.
Figure 11 – Yearly carbon uptake in global cultivated land and grasslands from a “4 per
1000” initiative, Luis Costa, 2019

As such, our estimates of 1 Gt carbon uptake in the soil is aligned with the scientific
literature, showing that although the theoretical global potential for carbon uptake is large
(6 Gt following Chabbi et al, 2017), the practical potential is smaller, given that not all global
soils are managed (Chabbi et al, 2017). In 2017, global carbon emissions18 were in the order
of 9.9 Gt (Quéré et al, 2017), meaning that the 4 per 1000 strategy as devised in this study
could offset 10% of global anthropogenic emissions per year, assuming no growth in
emission levels (against current predictions). Other estimates, e.g from Minasny et al (2012).
show that the 4 per 1000 applied to the top 1m of global agricultural soils has a
sequestration potential between 2-3 Gt Differences of estimates are due to: different data
bases of current carbon content in soils; differences in terms of what agriculture constitutes;
what are cultivated and managed land and the time horizon assumed for carbon uptake. Our
analysis of soil carbon accounts for the fact that carbon uptake rates decline over time.
Accordingly, the average rate of uptake is higher in 2020 than in 2050. For cultivated land
the initial uptake of carbon associated with a 4 per 1000 strategy can be as much as 1.15 Gt
per year while in 2050 these fall to 500 Mt/yr as the effectiveness of the management
practices decreases given that soil store now much more carbon that in the initial phases.

18

To convert carbon to to carbon dioxide, multiply by the ratio of the molecular weight of carbon to that of
carbon dioxide, 1C = 3.66 CO2
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Figure 12 – Yearly carbon uptake in global cultivated land and grasslands from a “4 per
1000” initiative, Luis Costa, 2019

Figure 12 shows the cumulative global uptake of carbon in both cultivated land and
grasslands in Gt of Carbon. Following a 4 per 1000 strategy in the terms devised in this
report would yield a cumulative uptake of carbon of about 14 Gt between the years 2020
and 2050.

4.3 Avoided Social Costs of Carbon
The removal of carbon from the atmosphere, as previously discussed in section 4.2.2,
provides significant climate change mitigation benefits in terms of avoided social damage
costs (see section 3.2.1 for context). Although the implementation of agricultural practices
that increase the carbon uptake in the soil are under the responsibility of individual nation
states, once removed from the atmosphere the benefits of carbon sequestration are global.
This has to do with the fact that for each Gt of emissions removed there is less warming
potential in the Earth’s atmosphere and by extent less warming overall. Consequently, there
is no scientific (not to say ethical) way of disentangling the benefits in terms of avoided
social costs of carbon for a single country, be its potential for carbon uptake large of small.
Accordingly, although this work determines the avoided social costs of carbon on a country
basis (due to methodological coherence), the value in terms of benefits should be
interpreted and a global benefits and never as accruing to the national borders where the
carbon uptake takes place.
Using Nordhaus (2017) SCC estimates, under the 2.5% discount-rate assumption shown in
Table 7 (first row), the average yearly avoided social damage costs of realizing of a “4 per
1000” strategy is in the order of USD 600 billion/yr between 2020 and 2050 (Table 7 second
row). For comparison, natural disasters in 2017 have been estimated to have caused overall
economic losses of USD 340 billion19 (97% of which climate-related) – the second highest
figure ever, according to Munich-RE, a reinsurance company. The dynamic nature of carbon
uptake (as detailed in section 3.1.4) is visible in Table 7 (second row). From 2020 to 2040 the
19

https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/topicsgeo-2017.html
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avoided social costs of carbon decline as carbon uptake decelerates. Because the estimates
of Nordhaus (2017) increase faster from 2040 on, even declining carbon uptake by midcentury results in relevant avoidance social costs.

Table 7 – Globally avoided SCC following a “4 per 1000” scenario
Variable

Unit

2020

2025

2030

2035

2040

2045

2050

Social cost of carbon

USD/ton
CO2

140

146

152

158

165

202

238

Present value of
avoided damage
costs

Billion
USD/yr

858

700

607

506

482

533

609

4.4 Agricultural production gains
4.4.1 Results at the country-level

Table 8 shows the yield, production and monetary benefits for the rice crop in Bangladesh
associated with a 4 per 1000 strategy. Future yields are derived as detailed in sections 3.3.
and 3.4. As mentioned before, we assume that the harvested area of rice is kept constant
between 2020 and 2050. Following a 4 per 1000 strategy, rice yields in Bangladesh are
estimated to increase by circa 43%. This equates to about 1.3 million tons of rice each year
between 2020 and 2050, the equivalent to 2.5% of its total rice production in 2017. In
monetary terms, the annual economic benefits are in the order of USD 116 million per year,
the equivalent to 1% of the 2016 value of rice production in Bangladesh (data from FAO).
Equivalent to present value benefits of USD 186 billion over the 2020-2050 time horizon.
Information for each country is in tab “Yields and valuation” in the accompanying
spreadsheet.
Table 8 – Yield, production and monetary benefits for the rice crop in Bangladesh
associated with a “4 per 1000”le strategy.
2020
2050
Harvested area of rice (ha)
11’272’000 11’272’000
Yield (ton/ha)
4.5
7.9
50’724’000 89’048’800
Production (tons)
Total benefits 2020 - 2050 (Billions USD)
186
Information on the evolution of yields is available as time series between 2020 and 2050.
Table 9 shows the example of the data available for USA, It shows that a 14% increase in the
yield of maize can be expected over the 20-30 year time horizon, but only 1.2% for rice20.
Potential productivity improvements are different from country to country, as it depends
very much on where in the fitted curve (section 3.2) a country is.
20

This is arguably realistic, in that rice is not a major crop in USA (harvested area in 2017 was only 2.9% of that
of maize, based on FAOSTAT), but they intensively farm on maize and wheat and therefore, maize and wheat
soils are more depleted from carbon. This means that small changes in carbon content result in larger yield
gains.
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Table 9 – Series of yield change associated with a “4 per 1000” strategy in the USA
Country

Crop

Variable

USA

Maize

Future
t/ha

yield

USA

Rice

Future
t/ha

yield

USA

Whea
t

Future
t/ha

yield

2050

% increase
(2020 – 2050)

2020

2025

2030

2035

2040

2045

11.2

11.7

12.1

12.4

12.7

12.9

13.0

14%

8.4

8.5

8.5

8.5

8.5

8.5

8.5

1.2%

3.2

3.4

3.5

3.6

3.8

3.7

4.0

20%

4.4.1 Global benefits
On the global level the yield benefits of a 4 per 1000 strategy for rice, wheat and maize are
shown in Figure 13. Average global yields of wheat increase from circa 3.5tons/ha in 2020 to
4.3 tons/ha in 2050. For maize average yields rise by 23% from 4.7 to 5.8 tons/ha during the
same time frame and under the key assumptions taken in this study.
Figure 13 – Yearly carbon uptake in global cultivated land and grasslands from a “4 per
1000” initiative, Luis Costa

In terms of the spatial distribution of yield benefits, Figure 14 shows the yield gains for the
case of maize crop in terms of %-change between the years 2020 and 2050. A general global
improvement of maize yields is estimated. For most developed countries, the expected
increase is in the range of 5% to 25%. For African countries, additional carbon uptake
following a “4 per 1000” strategy has a substantial impact on projected yields of maize, often
above 25%. Nevertheless, it is important to keep in mind that current yields in these
countries are rather low in 2017 when compared with richer countries in Europe and USA.
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Figure 14 – Estimated % of maize yield change between 2020 and 2050 from adopting the
“4 per 1000” strategy

Finally, Table 10 provides a global summary of the yield and monetary benefits entailed in
the 4 per 1000 strategy for the three crops considered.
Table 10 – Yield and monetary benefits for all crops in the world associated with a “4 per
1000” strategy.
Crop

Yield in
ton/ha 2020

Yield in
ton/ha
2050

Percentage
increase

Maize
Rice
Wheat

4.7
4.3
3.5

5.8
6.1
4.3

23.4
41.9
22.9

Total

Average present value
2020 - 2050 of
production (Billion
USD/yr)

Gross Production
Value in 2016
(Billion USD)

32.0
84.3
18.9
135.2

150.1
206.5
118.3
474.8

4.4 Savings in water withdraws
Increasing carbon content allows for enhanced water storage in soils. As a result, the 4 per
1000 strategy, would allow for a gradual decrease of irrigation withdraws from 907 billion m3
in 2020 to 870 billion m3 by 2050, see Figure 15 (yearly saving of approximately 1.26 billion
m3/yr). We have used the 2018 average global tariff for water (USD 2.04/m3), as a proxy of
the value of water savings (as explained in section 3.5.1). Using these assumptions, the
global cost savings from enhanced soil water retention are in the order of USD 44 billion per
annum.
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Figure 15: Change in global irrigation withdrawal as a resulting of adopting the “4 per
1000” strategy. Luis Costa, 2019

Data is available also on a county-basis for the case of irrigation savings from the
implementation of a 4 per 1000 strategy. Table 11 shows the example for the case of USA.
Please see the tab “irrigation and valuation” of the accompanying excel file.
Table 11 – Series of irrigation withdraws associated with a “4 per 1000” strategy in the USA
Country

Variable

2020

2025

2030

2035

2040

2045

2050

158.2

158.2

158.2

158.2

158.2

158.2

158.2

USA

Baseline withdraws in
Billion m3/yr
Irrigation withdraws in
Billion m3/yr associated
with a “4 per 1000”
strategy
Irrigation withdraws in
21
m3/yr/ha * associated
with a “4 per 1000”
strategy

162.9

162.3

161.9

161.5

161.1

160.8

160.6

% savings
0%

1.4%
401.3

400.0

398.8

397.9

397.0

396.2

395.6

*not accounting for increases in irrigation withdrawal due to other factors, such as the
expansion of cropland

5 Conclusion
This assessment has demonstrated the global and country-level impacts associated with
adopting a 4 per 1000 strategy. The 4 per 1000 strategy can be achieved, by investing in a
range of SLM practices, such as the use of conservation tillage, cover crops, addition of
compost and manure and crop or crop-lay rotations (as evidenced in the literature, Wang et
al., 2010; Jin et al., 2008; Lee et al., 2013; FAO 2004,; Powlson et al., 2012,)
Through the enhancement of soil carbon, there are significant global-wide benefits
associated with enhanced climate change mitigation in terms of avoided social damage
costs, the improvement in agricultural yields of major crops and water retention in soils. The
results however also show that although the total potential is large, once constrains - such
as the extent of cultivated land and the declining rates of carbon uptake over time - are
accounted for, the close-to-feasible level of carbon uptake is 600 million tonnes, i.e. less
21

Assuming no change in the 405862500 ha of cultivated land in the USA in 2016 according to The World Bank,
https://data.worldbank.org/indicator
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than 1 Gt per year22. This equates to roughly the emission of India in 2017, or approximately
1.6% of the global carbon emissions in 2018 (37 Gt), which was at an all-time high (Scientific
American 2018; The Guardian 2018). Chabbi (2017) find a net CO2 removal potential of 6 Gt
C/year, if the 4 per 1000 strategy if implemented on the totality of the world’s soils. This is
less realistic as a target, as large proportions of the world surface are not under
management.
Despite the limited direct benefits in terms of total carbon uptake, the analysis reveals that
the indirect benefits associated with enhanced production of the major corps such as maize,
wheat and rice are more substantial. Generalized increase of yields was noted worldwide, in
same cases in excess of 25% between 2020 and 2050. This is related to important gains in
yields, which can be expected with minor changes in soil carbon levels, see Figure 7. Indeed,
agricultural production appears to be highly sensitive to more carbon in the soil (in particular
in some African countries). Global benefits in billion USD between 2020 and 2050 expected
from the increases in production of the three crops studies are in the order USD 127 billion
per annum. That is roughly 30% of Europe’s total agricultural output value in the year
201723, or 0.15% of the gross world product (GWP) in 201824.
In regard to potential savings in irrigation withdraws, our results suggest a 4% decrease in
irrigation needs by 2050 in comparison to those in 2020. In perspective, at the global level,
irrigation withdrawal is projected to grow by about 11 percent by 2050 driven mainly by
agricultural expansion to feed a growing population (Bruinsma 2009). A 4 per 1000 initiative
can therefore also contribute to alleviating the growing demand for water resources for
irrigation.
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1 Gt = 1 billion tonnes
Worth 427 billion euros. https://ec.europa.eu/agriculture/sites/agriculture/files/statistics/facts-figures/agricultural-farmincome.pdf
24
Gross world Product, is the combined gross national product of all the countries in the world and equals to the
total global GDP. The world economy, comprising 193 economies, in 2019 is projected around of USD 88.08 trillion in
nominal terms against USD 84.84 trillion in 2018, according to IMF. http://statisticstimes.com/economy/gross-worldproduct.php
23
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